ABSTRACT: Nowadays, Terrestrial Laser Scanner (TLS) is a crucial device in order to acquire geographical data easily. In recent years, advances in accuracy and velocity have enhanced 3D models, but these stand-alone data do not provide the feature extraction. High density point clouds can be obtained with terrestrial laser scanner and by means of modelling and processing techniques, objects features can be constructed. Generally researchers use the geometric information for extracting object characteristics. This paper describes a methodology to use not only the geometrical information but also the intensity data provided during the scan process. The aim of this paper is to present a methodology to extract façades from laser scanner data. The proposed method uses mathematical morphology to classify, segment and extract the borders of principal features of the building "Quiñones de León country mansion" in the city of Vigo, Galicia, Spain. Furthermore, the final result shows huge potential of the intensity data solution to extract the main features of façades and together with the K-means algorithm for segmentation and mathematical morphology operators. It suggests keeping the effort going on combining them as successful tools employed for feature extraction of historical buildings.
INTRODUCTION
These days terrestrial laser scanner systems are being widely used to capture three-dimensional information of natural and man-made surfaces (buildings). The TLS system has shown promising applications in building reconstruction by extracting details of the façades [1] , documentation of historic sites, architectural applications, geology [2] , archaeology [3, 4] , geomorphologic analyses [5] as well as in industrial applications [6] , mainly because it is a non-destructive, highly accurate technique, which makes it very attractive for carrying out this type of work.
Given the fact that laser scanning is a non-destructive technique, in recent years it has undergone a breakthrough with regard to the generation of metric and graphical documents, without any direct contact with the constructions in question. Terrestrial laser scanners are systems generating point clouds containing threedimensional coordinates (X, Y, Z), an intensity value and RGB (Red, Green, Blue) information from any surface or object.
In this sense, the information extraction from the point cloud is an extremely important step and this procedure could be manual, semi-automatic or automatic.
Several algorithms have been proposed to this effect, using this positional information contained in the laser scanner data, allowing the extraction of planar surfaces and correlating this information with building features.
According to Pu et al. [1] , this is an important and crucial step in the recognition of features and will give accuracy in subsequent steps. Moreover, the information provided by the intensity of terrestrial laser scanner is not being used for geometric feature extraction of historic buildings.
The general aim of this paper is to present a methodology for extracting features of architectural façades. The methodology will use information coming from terrestrial laser scanner and the application of mathematical morphology. Therefore this article is justified in using intensity in the classification, segmentation and feature extraction in current technology.
MATERIALS AND METHODS

STUDY AREA
The studied façade belongs to Quiñones de León country mansion, which is a typical house of the aristocracy of the north-western region of Galicia in the Iberian Peninsula, built in the seventeenth century (1670), and located in the city of Vigo, Galicia, Spain. In 1924 it was donated to the city by Fernando Quiñones de León, on condition that a museum and a public park are created. 
RIEGL Z390i EQUIPMENT
MATHEMATICAL MORPHOLOGY
The mathematical morphology [7, 8, 9] refers to nonlinear processing and analysis of geometric structures of images. Morphology is based on the study of decompositions of operators between complete lattices in terms of two classes of elementary operators known as erosion and dilation [10] . The language of mathematical morphology is "set theory", where the sets represent the shapes in an image [11] . The whole theory is based on the use of structural elements, which are well-known and predefined sets. In short, quantifies how the morphology of this element "fits"(or not) in the image.
Morphological filters
The two basic operations of morphology are erosion and dilation. The definition of erosion of an image f in grey level by a structuring element g is defined by:
Where g x is the notation for g translated by x.
The visual result of the image eroded in grey levels is presented with a reduction of light standards and the extension of the dark regions.
The dilation operator is the "dual" of erosion and is defined by:
The visual result of the dilated image in grey levels is presented with decreases in dark patterns and enlargement in bright regions. In addition to the primary operations of dilation and erosion, there are two secondary operators in image processing called the opening defined by:
And its dual, the closing:
The result of the implementation of the opening into an image is the removal of lighter areas, while the closing removes dark areas.
THE K-MEANS ALGORITHM
One of the algorithms developed to solve image segmentation problem is the K-means.
The idea of the algorithm is to provide a classification of information according to their own data, based on analyses and comparisons between their numerical values.
Thus, the algorithm will provide an automatic sorting without the need of human supervision, that is, without pre-existing classification.
Because of this feature, the K-means is regarded as an unsupervised data mining algorithm.
The unsupervised classification is an automated procedure in which image range is automatically divided into groups according to a statistical procedure, without any predefined knowledge.
In K-means algorithm the user can specify various parameters, including the desired number of clusters and maximum number of iterations allowed in the programme. The main idea is to define k centroids, one for each class; the next step is to take each pixel belonging to a given data set and associate it with the nearest centroid, and at this point, the centroid should be recalculated. Then we have k new centroids,and a new connection has to be made between the same set of data points and the new near centroid, these steps defining a new iteration. As this is an iterative process, we can see that the k centroids change their location step by step until no further change is possible. This algorithm aims to minimize the following function:
Where, is the measurement chosen of distance between a point and in the centre of class c j , and this is an indicator of the distances between n points and their respective centres of the classes.
DATA ACQUISITION
The terrestrial laser scanner used was RIEGL LMS- 
RESULTS AND DISCUSSION
Once the point clouds were acquired by laser scanner, the first procedure to be carried out is cleaning, where all unwanted points, such us vegetation or elements not belonging to the façade, such as soil, have been removed. This is considered as a first filtering operation. Once you get the clean image, the next step is the automatic and unsupervised image classification; this classification was performed using the K-means algorithm which allows you to choose the number of classes; in this case, there were three classes, namely, granite, white wall and iron becausethey are the features that best distinguish the façade. The result of this classification is illustrated in figure 4 , which presents the façade after the cloud unsupervised classification where the different materials found can be seen, granite in blue, the white wall in red and the iron in yellow. Below, three images can be observed individually, granite is shown in figure 5 , white wall found in figure 6 and iron can be seen in figure 7. found in Serra [13] .
The end result of the methodology used to extract the façade features is shown in figure 8 . It shows the outer contour of the façade with window frames and the door, which were successfully extracted using the classified image with only the feature granite. In this way, the end result shows that from the intensity data, it is possible to extract the main features of façades with the appropriate use of mathematical morphology operators, once the image has been segmented using the K-means algorithm. In fact, it could be said that both, images from laser and mathematical morphology operators are viable tools for feature extraction processes for the documentation of historical heritage.
